The construction and demolition waste is one of the heaviest and most voluminous waste streams generated in the European Union. It comprises approximately one third of the waste generated. Recycling this stream waste will provide ecological and sustainable benefits. The recycled aggregates from the construction and demolition waste are beginning to be used in civil construction, as substitutes for natural aggregates. The possible applications of recycled aggregates in the infrastructure construction projects will mainly depend on the quality of the recycled aggregates. This will be determined by the nature and the origin of the construction and demolition waste, and the treatment system used. It requires a comprehensive response by part of the processing agents, mainly construction and demolition companies, and above all public administrations. This work proposes recommendations for the handling of the construction and demolition waste, both in the demolition and in the treatment plants. A quality control system is suggested too.
Introduction
The construction and demolition waste (CDW) is any substance or object generated on a construction or demolition site, which the owner discards or intends to discard (Huang et al. 2002) . More specifically, the term is defined as the waste which arises from construction, renovation and demolition activities, including land excavation or formation, civil and building construction, site clearance, demolition activities, roadwork and building renovation (Shen et al. 2004) . A significant amount of CDW waste is annually generated globally (Yuan and Shen 2011) . This type of waste is one third of the total waste generated in the European Union (EU), which is more than 850 million tonnes (European Commission, Eurostat 2014). The CDW has been upgraded to priority waste stream status in the EU. To promote CDW reuse, recycling and other recovery operations, Directive 2008/98/EC establishes that these activities shall be increased to a minimum of 70% by weight by 2020. This waste is transported to a CDW treatment plant, where it is managed and treated for its subsequent disposal at the landfills, or for reuse as the recycled aggregates (RA). The mean recycling rate of EU members, determined by the percentage of total CDW that is processed as RA, is over 40%; but in Spain, this recycling rate does not reach 15% (European Commission (DG ENV) 2011).
The CDW consists of ceramic particles, mortar, concrete, natural aggregates, minor amounts of asphaltic material and impurities such as gypsum, wood, metal particles, glass, paper and plastics. In southern European countries, such as Portugal, Italy, Greece, and Spain, building construction practice is based on concrete and mortar combined with ceramic materials. As a result, the heterogeneity of CDW is significant. Two major types of RA are characterised by the nature of their constituents: recycled concrete aggregate (RCA), coming mainly from concrete demolition, and mixed recycled aggregate (MRA) with a significant percentage of ceramics.
Several administrations are responsible for the management of CDW, either at the local, regional, national or continental levels (Huang et al. 2018; Gálvez-Martos et al. 2018) . These administrations promulgate acts, laws, directives, etc., with the aim of minimising, reusing and recycling the CDW generated, and valorising the non-recyclable waste (Yuan 2017) .
Much CDW is currently being handled inappropriately. However, it is also noteworthy that project designers and construction managers rarely consider the recycled aggregates of CDW as construction material in their work (Villoria Saez et al. 2013) . In fact, there are a series of barriers that prevent a wider use of RA in construction, such as distance of CDW recycling plants, low supply and demand, uncertain environmental benefits, fewer limiting standards and specifications or insufficient fiscal incentives (Silva et al. 2017) . Rodríguez-Robles et al. (2015) concluded that one of the obstacles in Spain, apart from the political aspect, is the lack of confidence in the product, given the differences between RA produced in the CDW treatment plants. This is not limited to Spain and is one of the most common hurdles for recycling and reusing CDW in the EU, inhibiting the development of CDW management and recycling infrastructures (European Commission 2016). Xuan et al. (2018) and Kartam et al. (2004) stated that recycling and reuse of these by-products offer various advantages such as conservation/preservation of precious land areas, which will be soon in demand for city expansion, costeffectiveness of using the recycled products, including social cost, savings in transportation of both building waste and raw materials and improving the general environmental status.
The investment in CDW recycling facility is high but has a high profit potential, even in the absence of specific regulatory measures, which could help CDW material recycling or penalise for dumping recyclable CDW in landfills (Coelho and de Brito 2013) .
It is therefore necessary to establish the obligations of each of the agents involved in the management of CDW and define good management practices that must be carried out in the treatment plants (Yuan 2017) . This paper, which is extracted from a more extensive document (Public Works Agency and Regional Ministry of Public Works and Housing of the Regional Government of Andalusia 2015), intends to address the second issue, proposing a series of handling recommendations for CDW treatment plants, so as to obtain recycled aggregates (RA) of guaranteed quality.
Methods
Thirteen authorised treatment plants, located in central Andalusia, were visited to study the optimum CDW treatment system. The samples of different types of RA produced in each plant were taken and then characterised. The following proposal for the treatment process of this waste was then made, according to this characterisation and in cooperation with the CDW managers, mainly the Association of Construction Waste Management Companies and Demolition of Andalusia (AGRECA).
Handling recommendations
There are limited cleaning facilities in a mobile treatment plant; therefore, the recycled aggregate obtained from this is normally of low quality (Ulubeyli et al. 2017; Silva et al. 2017) . Therefore, the following recommendations refer to a stationary treatment plant.
Selective demolition
The treatment of the CDW should not start at the treatment plant but should be considered from its origin, at the time of deconstruction or demolition. This is in agreement with Silva et al. (2014) , Wu et al. (2014) and Silva et al. (2017) , who stated that it is an absolute necessity if we want to obtain material with minimum level of contamination, thereby adding value to the RA produced for its use in construction. In fact, multicriteria analysis carried out by Roussat et al. (2009) proved that waste management strategy is not effective without a good sorting of different wastes.
To minimise the amount of CDW, which is destined for disposal at landfill, selective demolition should include the following stages: The waste classified as hazardous, according to the European Waste Catalogue 2000/532/EC (European Commission 2000), will be packaged, stored and labelled independently, so that it cannot be mixed with other types of waste and will be given to the authorised managers for treatment. All the electric, plumbing, carpentry elements, wood, glass, metals, hardened plastics and so on must be deposited separately in containers or stored for later delivery to managers or recyclers.
Weighing and classification of the CDW
The CDW must be weighed using a scale at the entrance to the plant and classified according to the following two criteria (Table 1) :
& Nature of the CDW. Three types of CDW are proposed:
concrete, mixed and asphalt.
& Economic effort necessary to carry out cleaning (removal of hazardous waste and improper elements, such as plaster, wood, glass, etc.).
Separating the different fractions using a selective demolition process can result in increased costs for demolition. To compensate for this, the CDW treatment plants must offer differentiated fees, depending on the CDW degree of contamination upon reception (Yuan 2017; Yuan et al. 20011) . Solís-Guzmán et al. (2009) proposed that the building developer must pay a deposit in the local administration that will be recuperated only if the CDW generated is disposed in a proper way. This indicates that the certificates issued by the authorised treatment plants must be presented.
This initial classification can help to optimise the crushing time, energy spent and quality of the product (Silva et al. 2017) . Although the initial classification does not have the same categories as those proposed in Table 1 , all the visited treatment plants do a weighing and a classification of the material at the plant entrance.
Destination of CDW according to the classification
The stockpiles will be located and arranged in three storage areas, according to their nature (concrete, mixed and asphaltic).
The material that is considered clean will be discharged directly into its collection area. The CDW that is classified as dirty, will require the manual cleaning of hazardous elements, which will be assigned to an authorised manager. The large elements will be disposed in the landfill. If the CDW is classified as very dirty, the economic effort required to obtain the RA of enough quality to be put on the market will be too high and so it should be disposed of at the landfill. This classification is very similar to the one suggested by Beijia Huang et al. (2018) , distinguishing them according to their characteristics: directly recycled, recycled after processing or landfilled.
CDW treatment line
Some of the visited plants, specifically 3 plants, and other plants such as those presented by Mas et al. (2012) had separate treatment lines for concrete CDW and mixed CDW.
Because of the economic considerations, as a result of this study, it is only considered necessary to have a single CDW treatment line.
In the CDW treatment line proposed, a maximum of three stages is distinguished (pre-treatment, primary and secondary treatment), as shown in Fig. 1 , and as described in the following sections.
The proposed system is consistent with what was stated in another investigation by Gálvez-Martos et al. (2018) , which states that a common CDW recycling plant usually consists of reception; weighing and visual inspection; manual preselection; rejection and diversion to alternative treatments; screening of large materials; magnetic separation; separation of plastic, wood and other waste streams if required; crushing; screening; and secondary crushing, which is applied depending on the goal product mix.
Pre-treatment
This phase aims to decrease the volume of large elements. This is done using a demolishing or vibrating hammer. In all the plants visited, a reduction in the size of the CDW is carried out prior to its incorporation into the treatment line, or once the material has been rejected by the entrance hopper (first phase of primary treatment).
Primary treatment
Later, a primary treatment must include the following in order:
Pre-screening or initial screening through feed hopper This screen may be horizontal and inclined. This screening is mainly used to segregate the large crushable materials, which are greater than a size determined (i.e. 20 mm), whereas smaller particles are removed, because they are considered as soils and plaster particles (Makegaonkar et al. 2018) . Only in 3 of the 13 visited plants, this phase is produced. In the rest, they are recirculated to the treatment process, sold directly to the consumer or even this separation does not occur.
Crushing In the primary treatment, a jaw crusher is used. It consists of two plates fixed at an angle (Fig. 2) ; one plate remains stationary while the other oscillates back and forth relative to it, crushing the material passing between them (Silva et al. 2017 ). An all-in aggregate is thus obtained (concrete or mixed, depending on the source material).
In 10 of the plants visited, the first crushing was produced by the jaw crusher, 2 of them only produced a single crushing by the impact mill and 1 plant did not employ any type of crusher.
Use of an electromagnetic magnet to eliminate steel objects It is more efficient when it is positioned directly above and parallel to a slow-moving conveyor belt, with a low concentration of material (Silva et al. 2017) . In all the plants visited, an electromagnet has always been placed after the jaw crusher.
Screening (separation) of variable sizes There was no coincidence in the sizes offered in the different treatment plants visited, since this is a variant criterion according to the market demand at a particular time and area.
Use of a blower or hydraulic washer To eliminate low-density elements, such as plastics and adhered fine particles, a blower or a hydraulic washer is used. The wet way allows the leaching of water-soluble chlorides and sulphates (Rodrigues et al. 2013; Galvín et al. 2014) , and it removes the clay particles. These fine particles coat the RA grains and hinder a correct bond between them and the cement paste, weakening the concrete's structure (Bravo et al. 2015) . For this reason, and despite being more expensive, it would be the most advisable applications with cement. However, in non-bound or bitumen-bound applications, the air-based screening method can be used for being more economical (Silva et al. 2017) . This was applied to the practice, because only one visited treatment plant had a hydraulic washer, where all the material produced was for a prefabricated concrete company. The rest of the treatment plants, not having a defined application of these RA, opted for a blower, because it is the cheapest option.
Secondary treatment
The impurities, such as wood, glass, metals and plastics, are eliminated manually on conveyor belts. This process is of great importance to obtain quality RA. The concentration of operators and speed of the conveyor belt are vital factors for the efficiency of the hand sorting system (Silva et al. 2017) . Only 10 treatment plants visited presented a triage cabin, although this was placed in a different order of the recycling process proposed in this study.
An impact mill should then provide the RA with a wellgraded particle size distribution and a suitable number of fracture faces. It breaks CDW by striking them with a high-speed rotating impact, which imparts a shearing force on the debris, smashing them into smaller-sized particles (Fig. 3) .
Ten of the plants visited were crushing by impact mill. Of the remaining, 2 plants performed a primary crushing with the jaw crusher and 1 plant did not perform any type of crushing.
A second electromagnet is then necessary to eliminate the steel released, and a sieve with one or several sizes is then used. The dust suppressors, such as sprinklers, should be used to avoid the formation of dust and loss of material. Although CDW is being processed from the crushed concrete, this stage is not necessary (Fig. 1) . A mixed drainage material and a mixed well-graded RA are obtained. The latter has better technical properties than that obtained in the primary treatment (mixed recycled soil). It coincides with what was affirmed by Silva et al. (2017) . These authors asserted that further crushing stages will decrease roughness, irregularity and the amount of adhered mortar, and thus increase the quality of the resulting coarse RA.
In the case of the market demands of the sand and gravel, CDW treatment plants could produce them instead of the wellgraded RA.
Quality control system
Finally, the composition and physical properties of an RA should be determined prior to its acceptance for use in the new applications. This will allow (1) making its classification easier, (2) a better understanding of the material and of its likely performance and (3) facilitating its certification and help boost stakeholders' confidence (Silva et al. 2014 ). According to Silva et al. (2014) , it is possible to predict how the RA quality will affect the performance of the resulting recycled materials. Hence, the manufacturer must establish a quality control system to produce RA, based on the EN 13242:2003 (+A1 2008) standard for its use in civil engineering works. This standard specifies the tests to be conducted and their minimum frequency.
The manufacturer must also establish a production control manual that contains, at least, the following aspects:
1. Registration of material input. This must include the nature and classification of the CDW, place of origin, supplier, carrier, weight and destination thereof. 2. Waste acceptance criteria. The types of waste that are accepted and the maximum percentages of any contaminant carried by the CDW must be specified.
3. Method of production. This must include a flow diagram of the processes to be followed by the CDW from its entrance to the plant until it is transformed into RA. This diagram should include the differences, if any, in the processing of the CDW, according to its nature. It will also include the destination and storage area of each material produced (sale, landfill, authorised manager, internal works, etc.). 4. Description of the finished product. This must include the specifications of each type of material guaranteed by the producer. 5. Inspection regime and sampling of the finished product.
For granular materials and materials treated with hydraulic binders for use in the structural layers of pavements, it will be necessary to have a CE marking (Directive 93/68/ EEC) according to the EN 13242:2003 the EN 13242: (+A1 2008 standard. This specifies the tests to be conducted and their minimum frequency.
For other types of recycled materials, such as soil for embankments, drainage material and sands for pipes, the Association of Construction Waste Management Companies and Demolition of Andalusia (AGRECA) has developed a regulation for the certification of recycled products, in which it proposes the frequencies of the tests and the requirements shown in Tables 2, 3 , and 4. 6. Logbook. In addition to all the data included in BWeighing and classification of the CDW^, the amount of RA produced must be recorded and classified by type, including the results of the tests carried out on each material, comparing it to the specifications.
Conclusions
The government should develop regulations for the promotion of proper recycling of construction and demolition waste, as well as its correct application. To do this, several measures could be taken:
-The administrations must provide financial supports for CDW recycling plants to apply the necessary changes so that the product obtained has enough guarantee to be reused.
-After a reasonable time of the previous measurement, the authorities must review each of the treatment plants and grant authorization only to those that meet the quality requirements previously mentioned. On the other hand, the government must close those plants that do not comply imposing high sanctions, avoiding illegal dumps. -The state or local/regional administrations should promote the use of recycled products in new constructions, imposing, for example, a minimum percentage of recycled material in public works projects. -It is also important to improve the citizens' attitude and behaviour towards the recycled products.
As for the recycling process, it is more effective when it is considered from the start of the project; therefore, selective demolition is extremely important for obtaining high-quality recycled aggregates and should be considered the first step in CDW treatment. This is another measure that the government could also inspect to verify that it is done correctly.
Given that it may increase the final price of the recycled aggregates produced, the CDW treatment plants must offer differentiated fees, depending on the degree of contamination of the CDW received.
A better classification, upon delivery to the recycling facility, will allow the determination of the most effective procedure to maximise the quality of recycled aggregates and reduce processing time, avoiding costs incurred by unnecessary recycling stages.
Regarding the management of the recycled aggregates, an appropriate treatment design is necessary. In the case of CDW from the crushed concrete, this should consist of a pretreatment and a primary treatment, and in the case of mixed CDW, a secondary treatment should be added.
The periodic quality control and certification of the material produced is essential to increase the potential for reuse in new construction and offer greater confidence to builders.
